•patent ABSTRACTS oAaPAN 



(1 1 publication number : 2001 -1 0881 2 

(43)Date of publication of application : 20.04.2001 



(51)[nt.CI. 




G02B 5/18 
G02B 3/08 




(21 Application number : 


11-290875 


(71)Applicant 


: NIPPON TELEGR & TELEPH CORP 








<NTT> 


(22)Date of filing : 


13.10.1999 


(72)Inventor : 


TAMECHIKA EMI 








KOMATSU KAZUHIKO 








FUKUDA HIROSHI 



(54) OPTICAL ELEMENT 



(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical 
element with high diffracting efficiency which is small in 
the number of manufacturing steps, relatively easy to 
manufacture, and can be integrated. 
SOLUTION: This optical element has a binary structure 
on the top surface of a substrate 6. The wave front of 
incident light is varied by varying the distribution state of 
the binary structure and thus varying the effective 
refractive index with the position in the top surface. The 
binary structure is a microstructure wherein the size of 
the surface of one set of binary structures is smaller 
than the wavelength of the incident light. 
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[0014] 

[Means to Solve Problem] 

In order to solve the problem, in the present invention, an 
optical device is formed by controlling a phase of light which transmits 
or reflects by having a binary structure with a shorter period than a 
wavelength of light to be used. 
[0015] 

That is to say, the optical device according to the present 
invention has a binary structure on a surface of a substrate and is 
operable to change a distribution state of the binary structure, change 
an effective refractive index of the substrate depending on a position in 
the surface, and change a wave front of the incident light, wherein the 
binary structure is a fine structure with a dimension of one direction on 
the surface of one pair of binary structures that is less than a 
wavelength of the incident light. 
[0016] 

Further, regions are arranged in a same direction on the surface, 
the regions being in which a value of the effective refractive index for 
functioning as the optical device slowly changes from the maximum 
value to the minimum value, wherein a periodic repetition of the fine 
structure with a wavelength less than the incident light is embedded in 
each region for controlling the effective refractive index, and a pattern 
distribution of the fine structure changes in the periodic repetition of the 
fine structure. 
[0017] 

Further, a direction of the change in the pattern distribution of 
the fine structure is one dimensional. 
[0018] 

Further, the direction of the repetition of the change in the 
effective refractive index is parallel to the direction of the change in the 
pattern distribution of the fine structure. 
[0019] 

Further, the direction of the repetition of the change in the 
effective refractive index is vertical to the direction of the change in the 
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pattern distribution of the fine structure. 
[0020] 

Further, the direction of the change in the pattern distribution of 
the fine structure is two-dimensional. 
[0021] 

Further, the binary structure is formed by etching the surface. 

[0022] 

Further, the binary structure is formed with a thin film formed on 
the surface. 

[0031] 

That is to say, a diffraction grating 1 shown in Fig. 1(b) behaves 
like a homogenous medium having an intermediate value between a 
refractive index n m of a material and a refractive index n 0 of the 
periphery. Here, suppose a material part of the diffraction grating is 
called as a pattern unit, a dummy refractive index can be controlled by 
changing a pattern density of the grating. Using this characteristic, 
the optical device can be formed by changing the effective refractive 
index depending on a position. 
[0032] 

As described in the related art, in the refractive index 
distribution as shown in Fig. 7(f), a refractive index is changed not by 
directly changing a composition of a material such as ion exchange but 
by changing an effective refractive index with a binary phase grating 
with a period less than a wave length of light to be used, an effective 
refractive index distribution that is same as shown in Fig. 7(f) is 
provided, and the wave length is directed to a particular direction by 
changing a phase of the permeable light (or refractive light) or the light 
is collected. Fig. 1(c) is a diagram showing an example of forming an 
optical device by changing a pattern density using an artificial refractive 
index control structure shown in Figs 1(a) and (b). 
[0033] 

That is to say, the optical device according to the present 
invention has a binary structure on a surface of the substrate, is 
operable to change a distribution state of the binary structure, change 
an effective refractive index of the substrate, and change a wave front 
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of the incident light, wherein the binary structure is a fine structure with 
a dimension of one direction toward the front direction of a pair of a 
concavo-convex binary structure that is less than a wavelength of the 
incident light. 
[0034] 

An effective refractive index control structure (artificial 
refractive index control structure) according to the present invention 
can realize almost all devices which can be manufactured by other 
methods, the devices, as types of the optical devices, being a device 
which changes a traveling direction of light such as devices 
corresponding to a standard diffraction grating, corresponding to a 
prism, corresponding to a fresnel lens, a device which diverges light 
into multiple directions, and a device which collects light 

[0037] 

Adding further explanation about a method of forming a pattern 
unit, etching, a light-exposing phenomenon of a photosensitive 
material, a molding (embossing) and the like are included. Further, as 
a material in the case of forming the pattern unit by mounting and 
coating, there are polyimid such as fluorine polyimid, benzocyclobutene 
(BCB: with photosensitivity), light-curing resin, UV epoxy resin, acrylic 
resin such as PMMA (sensitive to both ultra-violet light and electronic 
beam, usable as a resist), and a polymer such as a resist in general. 
Further, a spin-on-glass (SOG) as a glass material available for coating 
and the like can be used. 

[0048] 

Fig. 3(a) shows an example of forming a flesnel lens having a 
light-collecting function by the artificial refractive index control 
structure. In the diagram, the reference number 8 indicates a flesnel 
lens. 
[0049] 

It is considered that such optical device is a one-dimensional 
device on a polar coordinate which has a different coordinate system 
from the coordinate system in the case of FIG. 2 (rectangular 
coordinate). 
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[0050] 

The period in the optical device is not constant and a position of 
an end of the cycle is determined by the equation (1). 
[0051] 

In this embodiment, a direction of a gradient of a refractive 
index is in a direction of a radius vector so that a direction of structural 
period of the artificial refractive index control becomes also the 
direction of the radius vector. An optical device is formed by 
separating the one device period into periods less than a wavelength in 
^ndi rectiorrof t h^raxlt^^ 

width having a phase difference sequentially required in each of the 
separated structural period, the optical device having a function same 
as that of the standard frasnel lens 9, shown in Fig. 3(b) which shows a 
diagram seen from the above and in Fig. 3(c) which shows the 
cross-section diagram, in which a phase is controlled by a thickness. 
[0052] 

Here, in order to avoid a complexity and duplication of the 
diagrams, an example of positioning a circle pattern is only explained 
by setting a rule that a circle pattern in one structural period is definitely 
contacted with an end which has grater phase difference in the one 
structural period. However, as similar to the first embodiment, a 
device keeps a degree of freedom by not determining previously about 
at which part in the one structural period the circle pattern is 
positioned. 
[0053] 

Also, not to mention that there is a case that a further repetition 
of a similar circle pattern is required outside the structure shown in Fig. 
3(a). 
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[FIG. 2] 
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[FIG. 3] 
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^Vf «fc 5 &JI *CC J: 0 tifflZM'® Ucm&W V%A> l> 
>X9 4lsra«0«ttB*»o*?*F*-c#S. **». 0 
3 (b) {tfeWSig&B. 7U*;VU>X9©/I&©*: 




<HfB§2 0 0 1 - 1 0 8 8 1 2 
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(0 05 2] CCCtt. H©ffiNt34&K&iBtt*fc 

ns'f*>*Esi/fc«»i©*«r^ffcj&j. mmm\<Dm 

x6ft3„ 

[0 05 3] $fc, 03 (a) K.TF.Ltc®m<mm<Z.$> 

EHi*n^*>©«oiEo*S6«:#r5a^*j*s 

10 C4Bg5*-Cfc&<,>. 

C0054] HJS0II3 (13C7cBlrW?:a&ARI) 
3fcK. AX)l»f$$!ia)©^j&^S!^]*i3fe^^gc© 

/c»©^^»i*isj (ffl»T$«jia©*isj) tm.?z>& 

5&JR*©flI?&B4K:7* , r. 

[OO55]04 (a)B02 4B«©^HPS@JftS^ 

hi. i i b i 9Scgffitt7r« s. 

[0 0 5 6] C©*g£B. ®Jf^E©*|SjfC)au 8 
20 -C. S«jtS»!f»i©ffl«T*43E». £-C*L<. 0©J: 

[0057] 04 (b) B (a) ©-jaJHrt/<*>l 2 
©ffiA0T$>») t 4*fc63fefc*fcftfc-jS*>&;<cSr>£ 
EEf * 4 1» 5 EH*SIiJ£g|i 1/ ft: *>©-c£> S . 

[0 0 5 8] 04 (C)tt, nc<-MHft©'<*>l 

2©tfc*c0-?*s*j > c^e>«. ^f>4*'«KaFtt 

^OSffiMCEBO-T^S. C©«fc5«C v JiJr$49E 
t^*>ffi8W«:B*»it»:E«"C*h«. tfti=>2a 

[0059] (1«5BU>X:*«ARI) CO- 
ftktc feittft^S-C© 1 *icSlHF-"C 1 *I^«C©*^«^ 

*»ofcii>Gcu>x <$fctt5"j> F«;*;uu>X) 
tdw swfeisi«i«:#^6n4. cn*04 (d) jc^-r 

(JbS0) . 1 3B1^7cU>Xt?*S. C©P9K*Jl» 
Tfc. rt»©A*>l2©JBttB.-|a4 (b)-f>(C) 

40 • mi*K«»»itfcEBr*n«. cn?.2as«:cyi: 

[00 6 0] HiS0g4 (7U^;PU>X:it35SARI) 
*iSW3 4Pl««:. AI®W$$ilffl©^JiJt8^ri6l^. 

tS]) 4aE^T-5<fc5^^-7-©ffe©W*05«:^-r. 
[006 1] C©|Q6«Rt. HJfe^2©03 4Bfil©^ 

iHS?^l6j4i3E-r4«l:^^j&r^Wc^|-C$,4„ 1 
4B7U*;l>U>X. 1 SB/f^fCiOfita^rfllffllUfc 
50 jim©7U^JH^>Xr&S„ 05(b) VL±1J>h3.-tc 
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0. (c) «:-e©E&fffi0 i &^T<k i 5^&ft7U^;UU> 
XI StmmvmfeZtt^y&lti+ifi-Ci**. ate. 0 
5(b) CCtett 7U*n»U>Xl 5©J¥#© 

[0062] rtWUfiOEWeonTtt. 04 ( b ) . 

(c) ©jrsftaia*, fb(c^nii««9e«^jt>mi 
*«c«*»*.fcHi'r*;htt\ cne.2«s«:cfc*bf> 

rafiaiSW^ffi-C**. 

[0 0 6 3] 03 (a) -Ctt. 1 2£"7U 

*;l/U>Xl 4©4 , '&aKCb*>. @Sl/ft*-5fc*s, ■€• 10 

<oii-ffli©n®a5«:fei3«©^* n s c t at- 

5*-Cfe&t». 03 (a) (t^OfcfggCDfl-ffliJ 

[0 0 6 4] JIJfe#15 

pm<Dmmmmm <a> mm : m^.<oic^m 

*®m%fo (JB«f**JB05Errt) CB> 4. -ScTS 

WC*« : A I B) *>*Sl,>BiS£f * 20 
(AXB) fr££6*OftC*9fc#. *WfcWCtt. 

[0 06 5] 06 -Ctt. 0<O»HIS«iitfSfc*. 

Tcmpfrpowi©**^*. i6. i7B*n-eni 

7u^u>x (p?#) (cWL-cfeBtkoaw-cAR i 

[ o o 6 6 ] 06 ( a ) tt. Amtfim&mm^o-m 30 
«rt vomffimm* $ xomms sk* was £ 

0. 06 (b) b. x*y<omm&*JEm<Dwm 
t-rzctv-m&tbtcwc&i. 
[ 0 0 6 7 1 ±i2 r&r-muami tejrcx mm 
mmimi icwx:vim*wer&b. 02 <a> . 0 

4 (a) ZmfTZtftfr*) tft£2o©0® 
tt. £5 6 «>B DSMBSWr * 1 ^icH»f«?*ieH-i- 
£fc«>©fl|j§-C*£. P»JS©*^S»tfrl^B0— -C* 

««S»!^**SaS. -J-fttofe. 02 (a) © 40 

04 (a) ««FB. *ram^ft4tt£MXB#ffl£*s& 
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[0068] «±*»w**te©^SRcS^c»r^ftfl«j 
fCBM! L/ fcsX. ^«B1Ke^4>08fcR£3 & 
©rtta<. *©S§*&Kua<,45H«ctei<>Ta*g 
E^tte*4Citt*n&'C*.&. mit 02 (a) . 
(b) , 03 (a) . 04 (a) . (d) . 05 
(a) .06(a), (b) trr'«TX?X?<D-ft* 

«#fiK&i>Ti>£C£Bm5*-cfcai>. * 

lr». 

[0069] 

fc+iffl/? * fe^Si l/ a<,»fc«>. ffl^r© 'J v ^5 7 4 © 

•c*sit^ja^*s. 

[BnfiOMi&KH] 

[0 1 ] *jW®«*^#il*ift*AXJB*fWWP 

[02] «IMtc J: S» 1 ©jBM*Wfe9*f ( 1 &5c 
Wr*F-) Sw-Jiar**. 

[03] #|»KJ:**2.ffl30fc«©jeS*f- (7^ 
JUU>X) £ijV$-0'e*£. 

[0 4 ] *%9JCC J: 5®3 ©ISSfi«*03^JR-?- ( 1 3Gn 
SJrttiK lacjct'l'X) «r^-T0-C**. 

[05] *^(Cj:5m4©ieSW©^^ (7U* 
;UU>X) ^-T0-C*i. 

[06] *^«:<fc &315 (am&mtf&mff- < 1 

aw**) **^h-c**. 

[07] «aw>3e**f (yu**u>x) stwr * 

fctf>©0t?*£„ 

[*Hf©tftHj» 

2-*. S-l&BJf*. 4-0**. 
5~13c5aa*Wf. 6-Sfi. 7-HJfrtt*. 8-7 
U*;UU>X. 9-7U**U>X, 1 0 -EWrtt?-. 
1 1 ••• 1 iJCTcHSHS^. 1 2-/-s*>. 13-1&7GI/ 
>X. 14"'7I/*AU>X 1 5-7U*;H'>X. 
16. 1 7 - 1 yocHflrtS^. 7 1-U>X, 7 2-7 
U*Jl/U>X. 7 3~im%lyi'*)W->7l>-h 
(FZP). 7 75-S 
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